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ABSTRACT
The aim of the present comparative study was to compare some salivary characteristics
between exclusive waterpipe smokers (EWPS) and non-smokers. 72 males (36 EWPS) were
recruited. The volume of stimulated saliva was determined and divided by the duration of
saliva collection. The pH was measured directly using a pH meter. The buffering capacity was
determined using a quantitative method which involved the addition of 10 µl HCl. Up to a
total of 160 µL was titrated up to obtain a pH titration curve. At 50 µL of titrated HCl,
buffering capacity was ranked into three categories: high, medium and low. EWPS and non-
smoker groups had similar flow rates (1.81 ± 0.79 and 1.78 ± 1.14 mL min-1) and similar
baseline pH (6.60 ± 0.37 and 6.76 ± 0.39). Statistically significant differences in the two
groups’ pH were observed from 30 to 160 µL of titrated up HCl. At 50 µL of titrated up
HCl, the EWPS group compared to the non-smoker group had a significantly higher pH (4.79
± 0.72 vs. 5.32 ± 0.79). To conclude, waterpipe tobacco smoking alters the buffering capacity
but does not alter either salivary flow rates or the baseline pH and consistency.
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Saliva, a body fluid secreted by several salivary glands,
contains essentially water, proteins, glycoproteins,
electrolytes, small organic molecules and compounds
transported from the blood.[1] Saliva plays an impor-
tant role in maintaining oral health due to its biologi-
cal functions such as food swallowing, protection of
mucosa from bacterial attack and fungal growth,
lubrication of oral tissues, and washing off of food
debris and harmful agents.[2] Furthermore, it can
help maintain the integrity of dental tissues and espe-
cially to prevent caries.[3] First, it protects the enamel
against demineralization caused by the acids pro-
duced by microorganisms.[3] Secondly, it facilitates
the remineralization of primary lesions of caries
because it contains inorganic ions such as calcium
and phosphorus.[3] Thirdly, it has an antimicrobial
function.[2] In daily practice, saliva can be evaluated
by some characteristics, such as flow rate, buffering
capacity, hydrogen-ion concentration (pH) and consis-
tency.[2,4–7] Their alteration may increase the risk of
caries in individuals.[8]
Tobacco smoking increases the occurrence of dental
caries.[9–12] For example, the mean number of carious
lesions was significantly higher in 15 cigarette smokers
than 15 non-smokers (respectively, 7.5 ± 3.0 vs.
4.9 ± 2.5).[10] However, the effects of tobacco consump-
tion on some salivary characteristics (e.g. flow rate, buf-
fering capacity, pH and consistency) are controversial.
[2,13–17] While some studies reported a decrease in
flow rate [15,17] and pH [14,17] in exclusive cigarette
smokers (ECS) when compared to non-smokers, another
study [2] showed similar results between the two
groups. However, to the best of the authors’ knowledge,
all the published studies concerned cigarette smokers
[2,13–17] while no study included exclusive waterpipe
smokers (EWPS). This form of tobacco use (better known
as ‘narghile’ or ‘sheesha’ in the Arab world) has tradi-
tionally been associated with the Eastern Mediterranean
region, Southeast Asia and Northern Africa.[18,19]
However, according to the World Health Organization
study group on tobacco product regulation,[20] water-
pipe tobacco smoking (WTS) is increasing globally,[19–
21] particularly among university students.[22–24] For
example, the prevalence of WTS among students was
20, 8 and 7–11%, respectively in a poor urban commu-
nity in Johannesburg,[22] in a national study in the USA
[23] and in the UK.[24] Among the numerous studies
analyzing the effects of WTS on oral-health, which were
recently criticized [25,26] and reviewed,[27] no one
investigated the saliva. Medline and Scopus searches
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carried out on 20 December 2016 and using a combina-
tion of the following keywords: ‘waterpipe’ or its differ-
ent synonyms and ‘saliva’, found no manuscripts. Since
saliva is the first biological fluid exposed to WTS, and
since it has been confirmed that the latter is rich in
hundreds of substances [18] potentially unsafe to
health,[28] it is probable that WTS may affect some
salivary variables. For example, nicotine, a toxic compo-
nent of WTS (smoke from one gram of waterpipe
tobacco includes 2.96 mg of nicotine [18]) may act on
certain cholinergic receptors in the brain and on other
organs causing neural activation leading to altered sali-
vary secretion.[17] The hypothesis that WTS may alter
saliva is therefore made and this study aimed at com-
paring some salivary characteristics (e.g. flow rate, pH,
buffering capacity and consistency) between EWPS and
non-smokers.
2. Population and methods
2.1. Study design
The present comparative and cross-sectional study
was carried out over the period of January and
February 2016 at the Department of Oral Physiology
at the Faculty of Dental Medicine, Monastir University,
Tunisia. Permission from the ethical committee of
Farhat HACHED University Hospital of Sousse
(approval number: 17052013), was obtained, prior to
the study.
This investigation was part of a project that evaluated
the effects of WTS on oral health.[29] Some arguments
were previously advanced to support that tobacco use,
especially WTS, is a risk factor to periodontal disease.[25–
27,29] After explaining the purpose of the study to the
participants, an informed written consent was signed by
all of them in accordance with the Declaration of Helsinki.
Subjects diagnosed with any oral pathology were given
treatment or were scheduled for the right specialist. This
study is in compliance with the Strobe guidelines for
cohort studies (http://www.strobe-statement.org).
2.2. Populations
Subjects were recruited by convenience sampling
among the students of the Monastir University
(Dentistry, Engineering, and Sciences). Only healthy
male exclusive tabamel-smokers or non-smokers
aged 20 to 29 years were included. The applied non-
inclusion criteria were: tobacco use < five waterpipe-
years for EWPS, Jurak and/or Tombac tobacco use,
known systemic medical condition, previous head or
neck radiation therapy, consumption of any drugs,
wearing of intra oral appliances, food intake and
smoking during the last three hours before the saliva
sampling. The inability of participants to cooperate
and/or to follow the instructions given regarding the
saliva sampling were applied as exclusion criteria.
Students were divided into two groups: EWPS and
non-smokers.
2.3. Sample size
The sample size was estimated using the following
formula:[30]: N = [(Zα/2)
2 × P × (1 – P) × D]/E2; where P
was the proportion of the main event of interest (i.e.
high buffering capacity), E was the margin of error, Zα/
2 was the normal deviate for two-tailed alternative
hypothesis at a level of significance, and D was the
design (= 1 for simple random sampling). According
to one study,[31] among a group aged 20–29 years
(n = 40), 67.5% (p = 0.675) have a high buffering
capacity. Assuming a confidence interval of 80% (Zα/
2 = 1.28) and an E of 0.07, the total sample size was 73
subjects.
2.4. Collected data
The data included general information (age, smoking
habits), clinical data (number of missing/decayed/
filled teeth, plaque index) and salivary data (flow
rate, pH, buffering capacity, consistency). All data
were collected and/or measured by an experienced
dentist (MK).
2.5. Medical questionnaire
The subjects were interviewed using a non-standar-
dized questionnaire written in French. The questions
were with closed answers and often dichotomous.
The level of tobacco exposure was expressed in
terms of waterpipe-years (waterpipe session per day
x year duration).[18]
2.6. Clinical examination
The clinical examination was carried out to identify
oral health indicators. Caries status was scored by
using missing/decayed/filled teeth given by Klein
et al. [32]. The Silness and Löe plaque index [33]
assessed the oral hygiene. A plaque indicator was
used to assist PI evaluation. The presence of visible
dental plaque was recorded on four sites (vestibular,
lingual, mesial and distal) of all existing teeth, except
the third molars. As previously carried out by some
authors,[29,34] three plaque index classes ([0–1]; [1–2]
and [2–3]) were arbitrarily defined.
2.7. Saliva sampling
Stimulated saliva was collected between 10 and 12
am. The participants were allowed to sit on a chair
and relax for a few minutes. Chewing-gum-stimulated
saliva was collected continuously for 5 min [6] into a





























calibrated sterile tube. During the first 30 s of chew-
ing, the saliva was swallowed.
2.8. Flow-rate
The flow rate, expressed in ml min–1, represents the
amount of saliva produced by salivary glands.[4] The
volume of stimulated saliva was determined and divided
by saliva collection duration, equal to 5 min.[6] Hypo
salivation, defined by a stimulated-salivary flow rate <
7 ml min–1,[35] is an objective and measurable
datum.[36]
2.9. Salivary pH and buffering capacity
Immediately after the collection, 0.5 ml of each saliva
sample was placed in a tube.[6] The pH was measured
directly using a pH Meter cyberscan PH510 Eutech
Instruments, Singapore).[6] The accuracy of the pH
meter was checked daily using pH 4, pH 7 and pH
10 standard buffers to ensure that the interpretations
were correct. Salivary buffering capacity is defined as
the ability of saliva to buffer acids produced by bac-
teria.[2,5] The latter was determined by using a quan-
titative method which involved the addition of 10 µl
of 0.1 N hydrochloric-acid (HCl) using a micropipette.
[6] The mixture was rigorously shaken, then stabilized
for a few seconds and finally the pH reading was
taken. HCl (160 µl) was titrated up to obtain a pH
titration curve for each subject in order to determine
the salivary buffering capacity. At 50 µl of titrated HCl,
the salivary buffering capacity was ranked into one of
the following categories: high (above pH 5.5), medium
(from pH 5.5 to pH 4.4) and low (below pH 4.5).[6] A
salivary pH above 5.5 after the addition of 50 µl of HCl
was used as a cutoff signifying a good buffering
capacity.[7] This value represented the critical pH
above which the tooth is protected against deminer-
alization.[7]
2.10. Salivary consistency
Saliva can be fluid or viscous.[2] The consistency was
determined visually by the investigator.
2.11. Statistical analysis
Variable distributions were normal and results were
expressed as mean ± standard deviation or ± standard
error (95% confidence interval). The Student’s t and the
chi-squared tests were used to compare, respectively, the
two groups’ quantitative and qualitative data. All mathe-
matical computations and statistical procedures were
performed using Statistica software (Statistica Kernel ver-
sion 6; Stat Software, Maisons-Alfort, France). Significance
was set at the 0.05 level.
3. Results
Seventy-two subjects were included. They were
divided into two groups [EWPS (n = 36) and non-
smokers (n = 36)].
Table 1 shows their main characteristics. The two
groups were matched to age, remaining teeth, plaque
index and missing/decayed/filled teeth.
Table 2 and Figure 1 display, respectively, the sti-
mulated-salivary data (flow rate, baseline pH, buffer-
ing capacity and consistency) and the pH titration
curve of the two groups. Their main results were:
(i) The two groups have similar flow rates, base-
line pH and consistency (Table 2).
(ii) The frequencies of individuals in the three
buffering capacity categories were statistically
different in the two groups. This indicated
that WTS alters buffering capacity (Table 2).
(iii) Statistical significant differences in the two
groups’ pH were observed between 30 and
160 µl of titrated HCl (Figure 1). At 50 µl of
titrated HCl, the EWPS group compared to the
non-smoker group had a significantly higher
Table 1. Characteristics of exclusive waterpipe smokers (EWPS, n = 36) and non-smokers (n = 36).
EWPS Non-smokers Probability
Age (years)a 23 ± 4 22 ± 3 0.68
[21 to 24] [21 to 24]
Quantity of used tobacco (waterpipe-years)a 7.92 ± 3.72 0 -
[6.66 to 9.18]
Remaining teetha 27.92 ± 0.28 27.83 ± 0.38 0.29
[27.82 to 28.01] [27.71 to 27.96]
Plaque indexa 1.41 ± 0.59 1.29 ± 0.69 0.42
[1.21 to 1.61] [1.06 to 1.52]
Decayed/missing/filled teethb 1.97 ± 0.36 1.81 ± 0.40 0.76
[1.24 to 2.70] [0.99 to 2.63]
Classes of plaque indexc [0–1] 5 (13.9) 7 (19.4) 0.82
[1–2] 19 (52.8) 18 (50.00)
[2–3] 12 (33.3) 11 (30.6)
Data are: amean ± standard deviation [95% confidence-interval]; bmean ± standard error [95% confidence-interval];
cnumber (percentage).
*p < 0.05 (t-test): EWPS vs. non-smokers
†p < 0.05 (chi-squared): EWPS vs. non-smokers





























pH (respectively, 4.79 ± 0.72 vs. 5.32 ± 0.79;
p = 0.004) (Figure 1).
4. Discussion
Four salivary characteristics of two groups were com-
pared, matched to age, remaining teeth, plaque index
and missing/decayed/filled teeth [36 EWPS and 36
non-smokers]. The main result was that the WTS alters
the buffering capacity as shown by a higher pH at
50 µl of titrated HCl. However, WTS does not alter
either salivary flow rates or the baseline pH and
consistency.
Studies analyzing the effects of WTS on oral health
are scarce and their methodologies and results have
recently been reported and criticized.[25–27]
However, to the best of the authors’ knowledge, this
is the first study that evaluates the effects of WTS on
some salivary characteristics. Moreover, the effects of
cigarette smoking on the above data have also been
rarely evaluated in the literature.[2,13–17]
Since old age and female sex have been reported to
correspond to lower the flow rates,[37,38] only local uni-
versity male students under 30 years were included.
Moreover, the age of the 72 recruited students
[mean ± SD (minimum–maximum) = 23 ± 4 (20–29)
years] was similar to the previous reported of a local
study analyzing smoking behavior among Tunisian stu-
dents [n = 378, age mean ± SD (minimum–maxi-
mum) = 22 ± 2 (19–29) years].[39] Almost all students
have similar socioeconomic status. This reduced the
variability between groups since the salivary flow rate,
the pH and the buffering capacity are influenced by the
socioeconomic status.[2] Moreover, some special precau-
tions were considered, such as the inclusion of only
healthy participants without any medication-use and
that didn’t eat/drink anything three hours prior to saliva
collection. It is known that flow rate and pH are affected
by systemic diseases, oral cancer, radiation treatment,
drugs and nutrition.[40,41]
The calculated sample size seems to be satisfac-
tory. In some related studies aiming at analyzing the
effects of WTS on oral health,[25,27] the sample sizes
of waterpipe smokers varied from 11 to 228.[25,27]
This study has opted for mechanically stimulated
saliva.[42] The latter does not vary greatly daily.[43]
However, the stimulation of saliva may affect the
salivary pH and the concentrations of some constitu-
ents.[44] In some studies with different aims, unstimu-
lated saliva method was used [1,7,14,15,37,45,46] in
spite of the fact that it is difficult to standardize them.
[7] In order to reduce diurnal variations,[47] saliva
sampling was collected in the morning.
Salivary pH was determined by an electrode pH
meter, which has the advantage of measuring the
pH value of a single drop of saliva (0.5 ml). The
salivary buffering capacity was identified using a
quantitative method.[6] First, the latter can be used
as a chair-side test.[1] Second, it was preferred to the
Table 2. Flow-rate, buffering capacity and consistency of exclusive waterpipe smokers (EWPS, n = 36)
and non-smokers (n = 36).
EWPS Non-smokers Probability
Baseline pHa 6.60 ± 0.37 6.76 ± 0.39 0.08
[6.48 to 6.73] [6.63 to 6.89]
Flow rate (ml min–1)a 1.81 ± 0.79 1.78 ± 1.14 0.91
[1.54 to 2.08] [1.40 to 2.17]
Categories of flow rateb ≤0.7 ml min–1 4 (11.1) 4 (11.1) 0.7
>0.7 ml min–1 32 (88.9) 32 (88.9)
Categories of buffering capacityb Low 14 (38.9) 3 (8.3) 0.0003†
Medium 18 (50.0) 15 (41.7)
High 4 (11.1) 18 (50.0)
Consistencyb Low 28 (77.8) 31 (86.1) 0. 35
High 8 (22.2) 5 (13.9)
Data are: amean ± standard deviation [95% confidence-interval]; bnumber (percentage)
*p < 0.05 (t-test): EWPS vs. non-smokers





















































Figure 1. pH titration curve of exclusive waterpipe smokers
(EWPS, n = 36) and non-smokers (n = 36). Data are mean (□
for non-smokers and Δ for EWPS) and standard deviation
( ). *Student’s t-test p < 0.05: non-smokers vs. EWPS for
the same volume of HCl.





























colorimetric methods known to be inconclusive and
subjective.[48]
Since the accuracy of pH measurements depends
on the time interval between the collection and the
analysis (attributed to the continuous loss of carbon
dioxide from saliva being exposed to air),[45] the
saliva was tested immediately after collection.
This study has four limitations to the study
design, the convenience sampling, the buffering
capacity and the consistency determination. The
present cross-sectional comparative study measures
only associations and reflects the reality of the study
population.[49] Therefore, a causal relationship
could not be established.[49] In the future, a long-
itudinal investigation would be welcome. The disad-
vantages of the convenience sampling consist in the
risk that the sample might not represent the popu-
lation as a whole, and that it might be biased by
volunteers.[25] In this study, the buffering capacity
and consistency data were classified into categories
using thresholds.[6] It is better to opt for a direct
method,[2,45,47] or at least, for example, to add a
third control group of ECS, in order to determine
which form of tobacco, among cigarette and water-
pipe, more affects the saliva. However, taking three
groups in a single study seems to have limited
precedence in the literature and raises some sub-
stantive questions such as whether the prevalence
of some risk factors in the three groups is
comparable.
According to Ericsson and Harwick,[50] a flow rate
of stimulated saliva greater than 1 ml min–1 is con-
sidered normal. This is the case for the flow rate of
EWPS and non-smoker groups (Table 2). Moreover,
the proportions of subjects with hyposaliva were simi-
lar among non-smokers and EWPS (Table 2). The
chronic effects of cigarette use on flow rate are still
unclear. While some studies [15,17] reported a
decrease of ECS flow rate when compared to non-
smokers, another study [2] showed similar results
between the two groups. This study supports the
absence of effect of WTS on flow rate.
In the literature, salivary pH has been quoted to
range from 5.3 to 7.8 depending on the stimulation
state.[40] In this study, the two groups of EWPS and
non-smokers have similar mean pH close to 7
(Table 2). On the one hand, this is similar to results
observed in elderly ECS and non-smokers.[2] However,
this is contrary to other results showing a significant
difference in mean pH between ECS and non-smokers.
[14,17]
Evaluating buffering capacity is very important
because it is one of the key factors that may affect
individual caries risk.[8] WTS is responsible for a lower
salivary buffering capacity (Table 2 and Figure 1). This
complies with results concerning cigarette consump-
tion.[2,13,16] The buffering capacity, which is essential
to maintain pH value in oral cavity above the hydro-
xyapatite critical level,[7] depends on the phosphate
and especially on the bicarbonate concentrations.[51]
These two ions are found in higher concentrations in
parotid saliva [51] and at high salivary flow rate.[46] In
fact, chewing paraffin stimulated the parasympathetic
response [47] which increases saliva output from the
parotid gland.[47] Therefore, stimulated saliva has a
high buffering capacity.
Finally, similar higher frequencies of low consis-
tency were observed in the EWPS and the non-smoker
groups (Table 2). The consistency of saliva was due to
the concentrations of mucins.[52] Since a high flow
rate leads to an increased aqueous content, a lower
concentration of mucins and therefore a lower con-
sistency was observed in stimulated saliva.[52]
Why does WTS influence only buffering capacity?
The decrease of buffering capacity among EWPS
could be explained by the fact that WTS may influ-
ence the composition of oral microflora and favor the
colonization of cariogenic bacteria. The last are known
to produce acid especially when pH tends toward
acidity.[1,53] However, since contradictory results
were observed for buffering capacity and pH, further
investigations exploring the role of oral cariogenic
microflora would be interesting.
To conclude, the main result of this study was that
the buffering capacity varied according to the WTS
status. As saliva plays an important role in protecting
teeth against caries, dentists are urged to inform their
patients about the health risks of WTS on oral health.
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